Abstract. On May 7, 1997, the Galileo orbiter flew through the magnetosphere of Ganymede and crossed flux tubes connected at both ends to the satellite. Energetic electrons, observed during this encounter by means of the Energetic Particle Detector on board Galileo, showed double loss cones and "butterfly" type pitch angle distributions, as has been noted in past publications. In addition, as the spacecraft flew toward Ganymede, both the shape and magnitude of the spectrum changed. The intensities decreased, with the greatest depletion observed at the lowest energies, and the monotonic slope characteristic of the Jovian environment was replaced by a rollover of the spectrum at the low-energy end. The spectra lead us to infer a strongly energy-dependent injection efficiency into the trapping region. As on previous encounters, the pitch angle distributions confirmed the position of the magnetopause as indicated by the magnetometer measurements, but the spectra remained Jovian until the trapping region was reached. Various physical mechanisms capable of generating the observed spectra and pitch angle distributions, including downstream reconnection insertion followed by magnetic gradient drift and absorption of the lowest-energy electrons by Ganymede and injection from Jovian flux tubes upstream are assessed.
lar wind. Schulz [1991] , noting that the topology of the field is invariant if the flow effects are neglected, provided a useful expression for the scalar potential that represents the sum of a dipole field and a uniform field (aligned with the dipole moment) from which the vacuum magnetic field can be derived. This model has the feature that field lines inside a separatrix are closed and those outside of it are open. This is simply the standard procedure of superimposing a constant field, parallel to the dipole moment in the equatorial plane and attributed to magnetopause currents on the dipole field, which itself is taken to be aligned with the rotation axis [Mead, 1964] . Application of this model to Ganymede is, in effect, a simplification of a model published by Kivelson et al. [1998] in which the field is taken to be the sum of a tilted dipole and a uniform external field, tilted with respect to the dipole in a manner consistent with the Jovian field configuration at the time of the encounter. Volwerk et al. [1999] have used this more realistic field, with the addition of an image dipole to compensate for the flow distortion, to compute ion trajectories in the Ganymagnetosphere.
In a spherical coordinate system in which r is G anycentric radial distance and 0 is the magnetic colatitude, 
Pitch Angle Distributions
The electron pitch angle distributions observed during the entry phase of the G8 encounter with Ganymede are of the type shown in Figure 2 , which are fiat, with a small loss cone on the Jupiter side and a larger one on the Ganymede side. For lower energies the Jupiter side loss cone is full, whereas for the higher energies it is empty as pointed out by . 
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Energetic Electron Spectra
The electron spectra can be seen to vary significantly as the spacecraft moves across the Ganymede magnetosphere onto closed field lines, as may be noted in the time-color-coded Plates I and 2. We note that not only did the magnitude of the intensity decrease as the spacecraft entered the region of trapped particles, but the shape of the spectrum changed sharply as
well. An across-the-board decrease could have been expected since the capacity of the small magnetosphere of Ganymede for trapping radiation belt particles is expected to be less than that of Jupiter, i.eo, the Kennel and Petschek [1966] limit will be lower, but the energy dependence raises a more complex and interesting issue. The lowest-energy channel showed a depletion of ~ 3 orders of magnitude while the highest channel had a much smaller depletion, of about a factor of 4. In Figure  5 we see that the relative depletion is more or less linear in energy, which suggests magnetic gradient drift, the speed of which varies linearly with energy, as the factor determining the residence lifetimes of Ganymede magnetosphere energetic electrons. In the absence of lower energy electron data for this epoch it is not possible to determine whether the rollover in the spectrum indicates a very low density of thermal plasma in this region as inferred by Volwerk et al. [1999] .
We shall discuss in the next section possible mechanisms for generating the observed energetic electron spectra. The electric field potential imposed for the high conductance case will be that used by Schulz and Eviatar [1977] , which vanishes at the surface of Ganymede, whereas for the insulating case the electric potential function is taken to be that used by Schulz [1991] and by Volland [1984] , who dealt with the terrestrial magnetotail field, namely that imposed by a uniform external field on a dielectric cylinder. These investigators found that a quadratic potential is the most appropriate power of L. We may express the electric potential energy inside the closed field line region thus
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Electron Drift Paths
The motion of electrons injected at the downstream reconnection point will consist of a drift caused by the magnetic field gradient, which is energy dependent, and convection of the cross-magnetosphere electric field induced by the external corotation flow, which is not. This electric field will map into the magnetosphere of Ganymede with an efficiency e taken to be of order 0.5 on the basis of the argument of Kivelson et al. [1998] that reconnection at Ganymede is very efficient.
We consider two extreme cases of the electric field transport mechanism, while realizing that reality will reside somewhere between them. In the first one we take Ganymede and/or its ionosphere to be an ideal conductor which requires that the potential associated with the electric field vanish on the surface of Ganymede. If the ionosphere is not exospheric, then the potential will vanish on the putative top of the ionosphere, one scale height above the surface. While this is not an obviously good approximation, the conductance of the Ganymede body and atmosphere-ionosphere system has been inferred by Eviatar et al. [1998] We can see that for the lowest-energy particles being convected upstream towards the moon, there will be an umbra behind Ganymede as noted by Volwerk et al. [1999] . For an electric potential vanishing on Ganymede, thermal electrons indeed will not reach the moon except for the singular y --0 orbit, but neither will they achieve closed orbits and they will drift to the magnetopause and out to the Jupiter plasma sheet.
The inability of the thermal (/• = 0) particles to reach the upstream region is consistent with the inference of Volwerk et al. [1999] that the total plasma density there will be very low [Kivelsoa et al., 1998 ]. The energy of these particles is in the range of the thermal plasma instrument and we may anticipate with some degree of confidence that the plasma and wave data in this region, when published, will indeed show a low density.
In order to make the graphs more legible, we have plotted only the the cold plasma, the lowest EPD channel, an intermediate energy and the highest energy. The conclusions do not differ from what is inferred from viewing all eight energy ranges. For higher energy particles, for which the effect of the electric field and the conductivity of Ganymede are less relevant, there is eventually access to closed orbits around Ganymede and we can expect the depletion relative to the fluxes observed in the Jovian magnetosphere to be much weaker for these particles, as we can see in Plates 1 and 2 We note that closed orbits are attained in both conductivity model pictures, although the closed orbit appears at a lower energy for the high conductivity case. It is not obvious that we can draw any firm conclusions about the appropriateness of either conductivity assumption from these convection orbits. The above trajectories were calculated for particles moving in the magnetoequatorial plane of Ganymede.
Discussion
We have presented data that indicate clearly that the depletion of energetic electrons in the magnetosphere of Ganymede compared to the ambient Jovian environment is highly energy dependent. We also note that the decrease in electron fluxes is well correlated to the development of butterfly pitch angle distributions and that magnetic field gradient drift which affects mainly higher-energy particles can carry them to where they can gain access to closed drift trajectories. The lowestenergy particles, on the other hand, will be influenced by electric field drift and will be either carried into Ganymede or more effectively, convected out to the magnetopause and thus back to the magnetosphere of Jupiter. The choice of assumption for the electrical conductivity of Ganymede appears to be unconstrained by 
